Abstract. Mitochondri;a were prepared from the spadices of skunk cabbage (Symplocarpus foetidus) whose respiratory rate with succinate and malate showed 15 1% to 30 % sensitivitv to cyanide inhibition, and which showed respiratory control by added ADP. The observed respiratory control ratios ranged from 1.1 to 1.4. The change in pH of the mitochondrial suspension was recorded simultaneously with oxygen uptake: alkalinization of the medium, expected for phosphorylation of ADP, coincided with the period of acceleration in oxygen uptake caused by addition of an ADP aliquot. The ADP/O ratios obtained were 1.3 for succinate and 1.9 for malate. In the presence of 0.3 mm cyanide, the ADP/O ratio for succinate was zero, while that for malate was 0.7. These results are consistent with the existence of an alternate oxidase which interacts with the flavoprotein and pyridine nueleotide components of the respiratory chain and which, in the presence of cyanides allows the first phosphorylation site to function with an efficiency of about 70 %. In the absence of respiratory inhibitors, the efficiency of each phosphorylation site is also about 70 %. This result implies that diversion of reducing equivalents through the alternate oxidase, thereby bypassing the 2 phosphorylation sites associated with the cytochrome components of these mitochondria. occurs to a negligible extent during the oxidative phosphorylation of ADP or State 3.
Recent improvements in the techniques for isolating mitochondria from plant tissues (2) have made it possible to obtain preparations which meet the criteria for a high percentage of intact mitochondria (17) . Chief among these criteria is control of respiratory rate by added ADP (9, 10) . Such preparations have made it possible to measure ADP/O ratios for different substrates in plant mitochondria (16) and to locate points of interaction of ADP with the carriers of the plant respiratory chain (3) , using the crossover theorem (8) . Mitochon- dria isolated from the spadix of the skunk cabbage, which usually show a low degree of sensitivity to inhibition of respiratorv rate by cyanide (4, 13, 14) , are also usuallv loth to show control of respiratory rate by ADP. Hackett and Haas (14) investigated the phosphorylation of ADP in skunk cabbage mitochondria respiring with a-ketoglutarate as substrate by determining the disappearance of inorganic phosphate from the reaction mixture which contained glucose and hexokinase. They obtained P/O ratios by this method ranging between 2.6 and 3.6 for this 126 suibstratte. The ratio was depressed by 0.1 mM DNP' to 0.3, but was 1. to 1.6 in the presence of either 0.5 mM cyanide or 10 mm azide. No measurements were reported for malate or succinate.
As part of a kinetic study of the electron transport system in skuink cabbage mitochondria, which is reported in an accompanying paper ( 18), we made mitochondrial preparations which regularly showed energy-linked reduction of pyridin,e nucleotide with succinate, using the method of Bonner (2) with some minor modifications. A number of these preparations showed respiratory control of oxvygen uptake with ADP, particularly those made from the spadices of freshly collected skunk cabbage flowers which bad not been subjected to sudden frosts during their period of growth. In this paper, we report ADP/O ratios for succinate and malate in th,e presence and absence of cyanide, the observation of a crossover point with ADP, and the effect of uncoupling on the steady state redox levels of pyridine nucleotide, flavoprotein, and ubiquinone.
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STOREY AND BAHR-OXIDATIVE PHOSPHORYLATION IN SKUNK CABBAGE Experimental Procedures
Mitochondria were prepared from excised spadices of skunk cabbage (Symplocarpus foetidus) flowers as described in our previous paper (18) .
Bis (hexafluoroacetonyl) -acetone, designated "1799', was the uncoupler generally used in this study: it was kindly supplied by Dr. P. Heytler of E. I. duPont de Nemours Company. Two other uncouplers were also used: FCCP and TCTFB. All 3 compounds have been shown in this laboratory to be effective uncouplers of plant mitochondria at a concentration of 6 ,.uM.
Redox levels of the respiratory carriers were determined with dual wavelength spectro,photometer (5) . The wavelength pair 549 to 540 mu was uised for cytochrome c, the pair 560 to 575 mu for the cytochrome b complex, the pair 275 to 290 my or 282 to 295 my for uibiquinone, and the pair 468 to 488 mMu for flavoprotein. The selection of these wavelength ipairs for monitoring the kinetics of the carriers is discussed in our previous paper (18) . Changes in fluorescence of pyridine nucleotide and fluorescent flavoprotein were followed with an Eppendorf fluorimeter fitted with a Heraeus ST-75 mercury arc lamp, appropriate primary and secondary filters, and a scale expander constructed in these laboratories ( 11 FIG. 1. Simultaneous recording of oxygen concentration and pH of a suspension of skunk cabbage mitochondria. The reaction volume is 3.9 ml, and the mitochondrial concentration is 0.35 mg protein/ml. Addition of 0.13 mM ATP causes a rapid downward deflection of the pH trace due to the acidity of the ATP solution. The rate at which the deflection occurs is a measure of the response time of the system; the time to 90 % deflection is about 5 sec. Rates of oxygen consumption in n atom 0/min-mg protein are shown. At the point indicated oIn the lower trace, the recorder pen is reset to the middle of the chart, and 0.26 mM HCl is added to the suspension for calibration.
observed to be synchronous with the uptake of hydrogen ion from the medium expected for the phosphorvlation of ADP to ATP. The respiratory control ratio of 1.4 is low compared to that observed with mitochondria from etiolated mung bean hypocotyls (16) . The lack of acidification of the medium on anaerobiosis implies that this low ratio is not the result of ATPase activity. The ADP/O ratio of 1.3 with suceinate is also low, ibut still quite comparable to the ratio of 1.6 observed with mung bean mitochondria (16 (8) . The extent of the changes does not affect the prediction-s of this tlleorem, only the direction of those chan-ges.
The redox level lof ubiquinone in state 3 and state 4 cannot be ascertained in the experiments described a-bove, in whichi ADP is added to the mitoclhondrial suspension after addition of succinate. because of the high absorbance of ADP belowx 300 mfL. If ADP is added to the suspension first, the 2 beanms of the dual wavelength spectrophotonmeter can then be balanced in intensity, and the absorbance of ADP is thereby compensated. The mitochondria are then in state 2; addition of sticcinate tlheln indtuces a state 2 -to state 3 figure 8 for the absorbing flavoproteins and fluorescent flavoproteins. These experiments were carried out in parallel on the same mitochondrial preparation, but in different locations at different temperatures. In the coupled condition, there is an absorb- In depleted mitochondria, the steady state reduction level of absorbing flavoprotein is 19 % (fig 8C) while tlle abSorbance change observed between aerobic anid anaerobic states is 78 % of that observed in the same prepara.tion of coupled mlitochondria.
Flulorescenlce chan,ge observecl in depleted mitochondnia is only 10 % of that observed in couipled nmitochondria (fig 8D) , but the extent of reduction in the aerobic steady state with succinate is still arotund 40 %. Addition of nmalate, after anaerobiosis has been aclhieved by the oxidation of succinate, gives little or no further change in absorbance or fluorescence witlh coupled skunik mitochondria. in contrast to the observed *increase in fluorescence due to reduced pyridine nucleotide. There is also no further change in absorbance with depleted mitochondria on addition of malate, while a small, variable fluorescence decrease is observed under these conditions.
The figure 9 . The pathway between succinate and oxv--gen is essentiallv that dedtuced from our kinetic study of uncoupled mitochondlria (18) . but we propose that the flow of reducing equivalents directly (18) .
